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FLUID COMPOSITION AND RESERVOIR
ANALYSIS USING GAS
CHROMATOGRAPHY

BACKGROUND

This disclosure relates to reservoir characterization and
fluid analysis and, more particularly, to using downhole gas
chromatography to analyze a reservotr.

The composition of a fluild may be determined from
various measurements obtained from a fluid downhole 1n a
well. The composition may be used to characterize a reser-
voir 1n real-time and adjust drilling strategies. However,
composition determinations for a fluid downhole may be
difficult and may not provide accurate measurements of all
components of a flmd. For example, pumping a fluid to
obtain an uncontaminated sample may provide greater accu-
racy but may be time-consuming, and the acquisition of
large numbers of measurements downhole may be expen-
sive. Moreover, extracting a fluid sample to a surface
laboratory to provide a detailed composition analysis may
result 1n a greater delay and may be msuiliciently responsive
for reservolr development, production, and management.

SUMMARY

A summary of certain embodiments disclosed herein 1s set
forth below. It should be understood that these aspects are
presented merely to provide the reader with a brief summary
of these certain embodiments and that these aspects are not
intended to limit the scope of this disclosure. Indeed, this
disclosure may encompass a variety of aspects that may not
be set forth below.

Embodiments of this disclosure relate to various methods
for analyzing a reservoir. According to some embodiments,
a method for analyzing a reservoir traversed by a wellbore
1s provided that includes obtaining, from a first measurement
station within the wellbore, a first at least one abundance
ratio from a first gas chromatogram of a first fluid sample
acquired at the first measurement station and obtaining, from
a second measurement station within the wellbore, a second
at least one abundance ratio from a second gas chromato-
gram of a second fluud sample acquired at the second
measurement station. Additionally, the method includes
identifying a trend between the first at least one abundance
ratio and the second at least one abundance ratio from the
first plot and obtaiming, from a third measurement station
within the wellbore, a third at least one abundance ratio from
a third gas chromatogram of a third fluid sample acquired at
the third measurement station. The method further includes
determining, using the third at least one abundance ratio,
whether a change exists in the abundance ratio trend and
using the determination to analyze the reservorr.

According to another embodiment, a method for analyz-
ing a reservoir traversed by a wellbore provided that
includes obtaining, from a first measurement station within
the wellbore, a first composition of a first fluid sample
acquired at the first measurement station and determining an
Equation of State (EoS) model for a reservoir fluid using the
first composition. The method also includes obtaining, from
a second measurement station within the wellbore, a second
composition of a second tluid sample acquired at the second
measurement station, tuning the EoS model using the second
composition, and generating a predicted fluid profile using
the EoS model. The method further includes obtaining, from
a third measurement station within the wellbore, a compo-
nent ratio from a gas chromatogram of a third fluid sample
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2

acquired at the third measurement station, comparing the
component ratio to the predicted fluid profile, and using the
comparison to analyze the reservorr.

In another embodiments, a method for analyzing a reser-
voir traversed by a wellbore 1s provided that includes
obtaining, from at least one offset well, a fluid composition
and determining an Equation of State (EoS) model for a
reservolr fluid using the fluid composition from the oflset
well. The method also includes obtaining, from a measure-
ment station within the wellbore, a component ratio from a
gas chromatogram of a flmd sample acquired at the station,
comparing the component ratio to the predicted fluid profile,
and using the comparison to analyze the reservorr.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of this disclosure may be better under-
stood upon reading the following detailed description and
upon reference to the drawings in which:

FIG. 1 1s a schematic diagram of an example drlling
system having a fluid sampling tool 1n a drill string 1n
accordance with an embodiment of the present disclosure;

FIG. 2 1s a schematic diagram of an example fluid
sampling tool deployed within a well on a wireline 1n
accordance with an embodiment of the present disclosure;

FIG. 3 1s a block diagram of components of an example
fluid sampling tool operated by a controller in accordance
with an embodiment of the present disclosure;

FIG. 4 15 a block diagram of an example process for fluid
analysis and reservoir characterization using abundance
ratio trends 1n accordance with an embodiment of the
disclosure:

FIGS. 5A and 5B are block diagrams of an example
process for reservoir analysis using fluid predictions without
oflset well information 1n accordance with an embodiment
of the disclosure;

FIG. 6 1s a block diagram of an example process for
reservolr analysis using fluid predictions using offset well
information in accordance with an embodiment of the dis-
closure.

DETAILED DESCRIPTION

Described herein are various embodiments for analyzing
a reservoir traversed by a wellbore. In some embodiments,
a reservolr may be analyzed by obtaining abundance ratios
at a first measurement station and a second measurement
station and plotting the abundance ratios versus depth. A
trend 1n abundance ratios may be identified from the plot.
Abundance ratios at a third measurement station may be
obtained and plotted versus depth with the previously
obtained abundance ratios. A change 1n the abundance ratio
trend may be i1dentified and may result 1in further investiga-
tion of the reservoir architecture. If the abundance ratio 1s
unchanged, additional abundance ratios may be obtained
and plotted versus depth to further evaluate the abundance
ratio trend. In some embodiments, an analyzed fluid sample
may be from a heavily contaminated fluid and the analysis
may be performed for hydrocarbon fractions unaflected by
OBM filtrate contamination, thus enabling a relatively fast
fluid analysis and avoiding a cleanup of the fluid.

In some embodiments, a reservoir may be analyzed using
fluid predictions without oflset well information. In such
embodiments, an Equation of State (EoS) model may be
built from a fluid composition obtained from a measurement
station capable of providing measurements for determina-
tion of a fluid composition. A fluid composition from a
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second measurement station may be obtained and used to
tune the EoS model. The EoS model may be used to predict
downhole gas chromatography flmid profiles and generate a
predicted fluid profile using the assumption that all stations
are 1n the same hydraulic flow unit and the fluid column 1s
in equilibrium. Downhole gas chromatography measure-
ments may be obtained from a target measurement station
and compared to the predicted fluid profile. The comparison
1s evaluated to determine whether the variation between
downhole gas chromatography measurements and the pre-
dicted flmid profile 1s acceptable. If the variation i1s accept-
able, the EoS model may be tuned using the downhole GC
measurements from the target station and additional down-
hole GC measurements may be obtained from additional
target stations. If the vanation 1s not acceptable, additional
fluid compositions may be obtained to determine the source
of the variation.

In some embodiments, a reservoir may be analyzed using
fluid predictions with offset well information. Data from one
or more ollset wells may be obtained and used to build an
EoS model. The EoS model may be used to predict down-
hole GC fluid profiles and generate a predicted fluid profile
using the assumption that a target well and the oflset wells
have fluid connectivity and fluid equilibrium. Downhole GC
measurements may be obtained from a target measurement
station and compared to the predicted fluid profile. The
comparison 1s evaluated to determine whether the vanation
between downhole GC measurements and the predicted fluid
profile 1s acceptable. If the variation 1s acceptable, the
assumed fluid equilibrium and flow connectivity to the one
or more oflset wells may be assumed correct. If the variation
1s not acceptable, additional fluid compositions may be
obtained to determine the source of the variation.

These and other embodiments of the disclosure will be
described 1n more detail through reference to the accompa-
nying drawings in the detailed description of the disclosure
that follows. This brief introduction, mncluding section titles
and corresponding summaries, 1s provided for the reader’s
convenience and 1s not mtended to limit the scope of the
claims or the proceeding sections. Furthermore, the tech-
niques described above and below may be implemented in
a number of ways and 1n a number of contexts. Several
example 1implementations and contexts are provided with
reference to the following figures, as described below in
more detail. However, the following implementations and
contexts are but a few of many.

More specifically, a drilling system 10 1s depicted 1n FIG.
1 1n accordance with one embodiment. While certain ele-
ments of the drilling system 10 are depicted 1n this figure and
generally discussed below, it will be appreciated that the
drilling system 10 may 1nclude other components 1n addition
to, or 1n place of, those presently illustrated and discussed.
As depicted, the system 10 can include a drilling rig 12
positioned over a well 14. Although depicted as an onshore
drilling system 10, 1t 1s noted that the drilling system could
instead be an ofishore drilling system. The drilling rig 12 can
support a drill string 16 that includes a bottomhole assembly
18 having a drill bit 20. The drilling rig 12 can rotate the drll
string 16 (and 1ts drill bit 20) to dnll the well 14.

The dnill string 16 can be suspended within the well 14
from a hook 22 of the dnlling ng 12 via a swivel 24 and a
kelly 26. Although not depicted 1n FIG. 1, the skilled artisan
will appreciate that the hook 22 can be connected to a
hoisting system used to raise and lower the drill string 16
within the well 14. As one example, such a hoisting system
could include a crown block and a drawworks that cooperate
to raise and lower a traveling block (to which the hook 22
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4

1s connected) via a hoisting line. The kelly 26 can be coupled
to the drill string 16, and the swivel 24 can allow the kelly
26 and the dnll string 16 to rotate with respect to the hook
22. In the presently 1llustrated embodiment, a rotary table 28
on a drill floor 30 of the drilling rig 12 can be constructed
to grip and turn the kelly 26 to drnive rotation of the dnll
string 16 to drill the well 14. In other embodiments, how-
ever, a top drive system could istead be used to drive
rotation of the drill string 16.

During operation, drill cuttings or other debris may col-
lect near the bottom of the well 14. Drilling fluid 32, also
referred to as drilling mud, can be circulated through the
well 14 to remove this debris. The drilling fluid 32 may also
clean and cool the dnll bit 20 and provide positive pressure
within the well 14 to inhibit formation flmds from entering
the wellbore. In FI1G. 1, the drilling flumid 32 can be circulated
through the well 14 by a pump 34. The dnlling fluid 32 can
be pumped from a mud pit (or some other reservoir, such as
a mud tank) into the dnll string 16 through a supply conduait
36, the swivel 24, and the kelly 26. The drilling fluid 32 can
exit near the bottom of the drill string 16 (e.g., at the drill bat
20) and can return to the surface through the annulus 38
between the wellbore and the drill string 16. A return conduit
40 can transmit the returning drilling fluid 32 away from the
well 14. In some embodiments, the returning drilling fluid
32 can be cleansed (e.g., via one or more shale shakers,
desanders, or desilters) and reused in the well 14. The
drilling tfluid 32 may include an oil-based mud (OBM) that
may include synthetic muds, diesel-based muds, or other
suitable muds.

In addition to the drill bit 20, the bottomhole assembly 18
can also include various struments that measure informa-
tion of interest within the well 14. For example, as depicted
in FIG. 1, the bottomhole assembly 18 can include a
logging-while-drilling (LWD) module 44 and a measure-
ment-while-drilling (MWD) module 46. Both modules can
include sensors, housed 1n drill collars, that can collect data
and enable the creation of measurement logs in real-time
during a drilling operation. The modules could also 1include
memory devices for storing the measured data. The LWD

module 44 can include sensors that measure various char-
acteristics of the rock and formation flmd properties within
the well 14. Data collected by the LWD module 44 could
include measurements ol gamma rays, resistivity, neutron
porosity, formation density, sound waves, optical density,
and the like. The MWD module 46 can include sensors that
measure various characteristics of the bottomhole assembly
18 and the wellbore, such as onentation (azimuth and
inclination) of the drll bit 20, torque, shock and vibration,
the weight on the drill bit 20, and downhole temperature and
pressure. The data collected by the MWD module 46 can be
used to control drilling operations. The bottomhole assem-
bly 18 can also include one or more additional modules 48,
which could be LWD modules, MWD modules, or some
other modules. It 1s noted that the bottomhole assembly 18
1s modular, and that the positions and presence of particular
modules of the assembly could be changed as desired.
Further, as discussed in detail below, one or more of the
modules 44, 46, and 48 can be or can include a fluid
sampling tool configured to obtain a sample of a fluid from
a subterranean formation and perform downhole fluid analy-
s1s to measure various properties of the sampled fluid. These
properties may include an estimated density and/or optical
density of the OBM filtrate, the sampled fluid, and other
fluids. These and other estimated properties may be deter-
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mined within or communicated to the LWD module 44, such
as for subsequent utilization as input to various control
functions and/or data logs.

The bottomhole assembly 18 can also include other
modules. As depicted 1n FIG. 1 by way of example, such
other modules can include a power module 350, a steering
module 52, and a communication module 54. In one
embodiment, the power module 50 can include a generator
(such as a turbine) driven by flow of drilling mud through
the drill string 16. In other embodiments, the power module
50 could also or instead include other forms of power
storage or generation, such as batteries or fuel cells. The
steering module 52 may include a rotary-steerable system
that facilitates directional drilling of the well 14. The com-
munication module 54 can enable communication of data
(e.g., data collected by the LWD module 44 and the MWD
module 46) between the bottomhole assembly 18 and the
surface. In one embodiment, the communication module 54
can commumnicate via mud pulse telemetry, 1n which the
communication module 54 uses the drilling fluid 32 1n the
drill string as a propagation medium for a pressure wave
encoding the data to be transmitted.

The drilling system 10 can also include a monitoring and
control system 56. The monitoring and control system 56
can include one or more computer systems that enable
monitoring and control of various components of the drilling
system 10. The monitoring and control system 56 can also
receive data from the bottomhole assembly 18 (e.g., data
from the LWD module 44, the MWD module 46, and the
additional module 48) for processing and for communication
to an operator, to name just two examples. While depicted on
the dnll floor 30 1n FIG. 1, 1t 1s noted that the momitoring and
control system 56 could be positioned elsewhere, and that
the system 56 could be a distributed system with elements
provided at different places near or remote from the well 14.

Another example of using a downhole tool for formation
testing within the well 14 1s depicted in FIG. 2. In this
embodiment, a fluid sampling tool 62 can be suspended 1n
the well 14 on a cable 64. The cable 64 may be a wireline
cable with at least one conductor that enables data trans-
mission between the fluid sampling tool 62 and a monitoring,
and control system 66. The cable 64 may be raised and
lowered within the well 14 1n any suitable manner. For
instance, the cable 64 can be reeled from a drum 1n a service
truck, which may be a logging truck having the monitoring
and control system 66. The monitoring and control system
66 can control movement of the fluid sampling tool 62
within the well 14 and can receive data from the fluid
sampling tool 62. In a similar fashion to the monitoring and
control system 56 of FIG. 1, the monitoring and control
system 66 may include one or more computer systems or
devices and may be a distributed computing system. The
received data can be stored, communicated to an operator, or
processed, for instance. While the fluid sampling tool 62 1s
here depicted as being deployed by way of a wireline, in
some embodiments the fluid sampling tool 62 (or at least 1ts
functionality) can be incorporated into or as one or more
modules of the bottomhole assembly 18, such as the LWD
module 44 or the additional module 48.

The fluid sampling tool 62 can take various forms. While
it 1s depicted 1n FIG. 2 as having a body including a probe
module 70, one or more fluid analysis modules 72, a pump
module 74, a power module 76, and a fluid storage module
78, the fluid sampling tool 62 may include different modules
in other embodiments. The probe module 70 can include a
probe 82 that may be extended (e.g., hydraulically driven)
and pressed into engagement against a wall 84 of the well 14
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to draw fluid from a formation into the fluid sampling tool
62 through an intake 86. As depicted, the probe module 70
can also include one or more setting pistons 88 that may be
extended outwardly to engage the wall 84 and push the end
face of the probe 82 against another portion of the wall 84.
In some embodiments, the probe 82 can include a sealing
clement or packer that 1solates the intake 86 from the rest of
the wellbore. In other embodiments, the fluid sampling tool
62 could include one or more inflatable packers that can be
extended from the body of the fluid sampling tool 62 to
circumierentially engage the wall 84 and isolate a region of
the well 14 near the intake 86 from the rest of the wellbore.
In such embodiments, the extendable probe 82 and setting
pistons 88 could be omitted and the intake 86 could be
provided in the body of the fluid sampling tool 62, such as
in the body of a packer module housing an extendable
packer.

The pump module 74 can draw the sampled formation
fluid 1nto the intake 86, through a flowline 92, and then
cither out into the wellbore through an outlet 94 or into a
storage container (e.g., a bottle within fluid storage module
78) for transport back to the surface when the fluid sampling
tool 62 1s removed from the well 14. The one or more fluid
analysis modules 72, which may also be referred to as a fluid
analyzer 72 or a downhole fluid analysis (DFA) module, can
include one more modules for measuring properties of the
sampled formation tluid, and the power module 76 provides
power to electronic components of the fluid sampling tool
62.

In some embodiments, the one or more fluid analysis
modules 72 may include an optical analysis module adapted
to recerve at least a portion of the fluid sample. The optical
analysis module may determine an optical property of the
fluid sample and to provide an output signal related to or
otherwise indicative of the optical property. In such embodi-
ments, the optical analysis module may perform near-inira-
red optical absorption spectrometry and fluorescence emis-
s1on measurements for analyzing fluids as they tlow through
the tool 62. The optical analysis module may be used to
determine gas-fraction concentrations and to identify fluid
types, respectively.

In some embodiments, the one or more fluids analysis
modules 72 of the tool 62 include a gas chromatography
(GC) module. The GC module 1s configured to determine a
composition of the fluid sample and to provide an output
signal indicative of the determined composition. The GC
module may produce what may be referred to as a *“‘gas
chromatogram.” For the example embodiment using gas
chromatography, the gas chromatography module 116 1is
configured to obtain a chromatogram of sampled formation
fluids available within the flowline 92 portion of the tool 62.
An example of such a device 1s described 1n U.S. Pub. App.
No. 2010/0018287, entitled “Wireline Downhole (Gas Chro-
matograph and Downhole Gas Chromatography Method,”
and U.S. Pat. No. 7,384,453, entitled “Self Contained Chro-
matography System,” each assigned to Schlumberger Tech-
nology Corporation and incorporated herein by reference in
its enfirety. In some embodiments, the GC module may
output composition up to C9, e.g., hydrocarbon fractions C1
through C8. In some embodiments, the GC module may
output composition up to C30, e.g., hydrocarbon fractions
C1 through C29. Additionally, the GC module may also
measure N2, CO2, H2S and saturated and aromatic hydro-
carbons and abundance ratios. In some embodiments, the
GC module of the fluid analysis tool 62 described above may
be insensitive to mud filtrate contamination 1n a sampled
fluid by providing analysis of hydrocarbon fractions Cl1
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through C8 (i.e., below C9). Additionally, the GC module of
the fluid analysis tool 62 may provide relatively fast profil-
ing of fluid composition ratio changes versus depth. For
example, the analysis of hydrocarbon fractions up to C9 may
cnable analysis of a heavily contaminated fluid without
performing a cleanup of the fluid to obtain a less contami-
nated fluid sample, thus eliminating or reducing cleanup
time at the sample location.

In some embodiments, the one or more fluid analysis
modules 72 may include a downhole pressure-volume-
temperature PVT unit and may obtain microtluidic measure-
ments of the sampled fluid. Embodiments of the tool 62 and
fluid analysis modules 72 any include any one of or com-
bination of the modules described above. For example, in
some embodiments the tool 62 may include an optical
analysis module and a gas chromatography module.

The dnlling and wireline environments depicted 1n FIGS.
1 and 2 are examples of environments 1 which a fluid
sampling tool may be used to facilitate analysis of a down-
hole fluid. The presently disclosed techniques, however,
could be implemented 1n other environments as well. For
instance, the tluid sampling tool 62 may be deployed 1n other
manners, such as by a slickline, coiled tubing, or a pipe
string.

Accordingly, the embodiments described above and 1llus-
trated mm FIGS. 1 and 2 may enable fluid sampling at
different depths 1n the wellbore of the well 14. In some
embodiments, systems depicted mm FIGS. 1 and 2 may
perform multiple fluid measurements by downhole sampling
of reservoir flmud at one or more measurement stations
(which may include or be referred to as downhole fluid
analysis (DFA) stations) within the wellbore, conduct down-
hole fluid analysis of one or more reservoir fluid samples for
cach measurement station (including compositional analysis
such as estimating concentrations of a plurality of compo-
sitional components of a given sample as well as other fluid
properties) and, in some embodiments, relate the downhole
fluid analysis to an Equation of State (EoS) model of the
thermodynamic behavior of the fluid 1n order to characterize
the reservorr fluid at different locations within the reservorr.

Additional details as to the construction and operation of
the fluid sampling tool 62 may be better understood through
reference to FIG. 3. As shown 1n this figure, various com-
ponents for carrying out functions of the fluid sampling tool
62 can be connected to a conftroller 100. The wvarious
components can mclude a hydraulic system 102 connected
to the probe 82 and the setting pistons 88, the one or more
fluid analysis modules 72 discussed above, one or more
other sensors 106, a pump 108, and valves 112 for diverting
sampled fluid 1nto storage devices 110 rather than venting 1t
through the outlet 94. The controller 100 may include or be
coupled to an operator interface (not shown) that provides
logs of predicted formation fluid properties that are acces-
sible to an operator.

In operation, the hydraulic system 102 can extend the
probe 82 and the setting pistons 88 to facilitate sampling of
a formation fluid through the wall 84 of the well 14. It also
can retract the probe 82 and the setting pistons 88 to
tacilitate subsequent movement of the fluid sampling tool 62
within the well. The one or more fluid analysis modules 72
can measure properties ol the sampled formation flmd 1n
accordance with the embodiments described above. For
example, an optical analysis module may measure optical
properties such as optical densities (absorbance) of the
sampled formation fluid at different wavelengths of electro-
magnetic radiation. Using the optical densities, the compo-
sition of a sampled fluid (e.g., weight fractions or volume
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fractions of 1ts constituent components) can be determined.
In another example, as described above, a gas chromatog-
raphy module may determine composition of the fluid
sample and provide an output signal indicative of the
determined composition. Other sensors 106 can be provided
in the fluid sampling tool 62 (e.g., as part of the probe
module 70 or the tluid analysis module 72) to take additional
measurements related to the sampled fluid. In various
embodiments, these additional measurements could include
reservolr pressure and temperature, live fluid density, live
fluid viscosity, electrical resistivity, saturation pressure, and
fluorescence, to name several examples. In some embodi-
ments, as mentioned above, some or all of other sensors 106
may be incorporated into a DFA module (e.g., such as in a
PV'T unit) of the fluid sampling tool 62.

Any suitable pump 108 may be provided in the pump
module 74 to enable formation fluid to be drawn into and
pumped through the flowline 92 in the manner discussed
above. Storage devices 110 for formation fluid samples can
include any suitable vessels (e.g., bottles) for retaining and
transporting desired samples within the fluid sampling tool
62 to the surface. Both the storage devices 110 and the
valves 112 may be provided as part of the fluid storage
module 78.

In the embodiment depicted 1n FIG. 3, the controller 100
can facilitate operation of the fluid sampling tool 62 by
controlling various components. Specifically, the controller
100 can direct operation (e.g., by sending command signals)
of the hydraulic system 102 to extend and retract the probe
82 and the setting pistons 88 and of the pump 108 to draw
formation fluid samples 1nto and through the fluid sampling
tool. The controller 100 can also receive data from the fluid
analysis module 72 and the other sensors 106. This data can
be stored by the controller 100 or communicated to another
system (e.g., the monitoring and control system 56 or 66) for
analysis. In some embodiments, the controller 100 1s 1tself
capable of analyzing the data 1t recerves from the spectrom-
cter 104 and the other sensors 106. The controller 100 can
also operate the valves 112 to divert sampled fluids from the
flowline 92 ito the storage devices 110.

In some embodiments, geological and other processes
may produce systematic or chaotic fluid property variations
in, for example, light and heavy oilfields. In such instances,
compressible fluids such as light oils and gas condensate
may exhibit an increase in the mole fractions of light
hydrocarbon fractions with decreasing depth due to o1l field
charging and gravitational eflects. Additionally, fluids may
also exhibit changing component abundance ratios with
depth. In contrast, processes such as biodegradation can
produce relatively complex vertical and lateral composi-
tional and fluid property gradients on a range of reservoir
scales.

As described further below, 1n some embodiments the
fluid analysis tool 62 with a GC module may be used to
determine changes 1n, for example, abundance ratios or
relative fluid compositions versus depth to analyze a reser-
volr. For example, 1n some embodiments, abundance ratios
(or relative compositions) of N2, CO2, and hydrocarbon
fractions up and including C8 may be plotted against depth
to 1dentily changes. In some embodiments, hydrocarbon
fractions up to C30 may be plotted against depth to 1dentity
changes. The GC module of the fluid analysis tool 62 may
enable relatively fast and eflicient fluid analysis such that
changes verses depth may be plotted in small depth incre-
ments to 1dentily subtle changes 1n fluids.

The processes described below and illustrated 1in FIGS.
4-6 may be implemented using various data sets obtained
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from different implementations of the GC module of the
fluid analysis tool 62, such as GC measurements up to C9,
GC measurements up to C30, or GC measurements above
C30. In such 1nstances, although the time to obtain a suitable
fluid sample, the time to obtain fluid analysis, and the range
of compositional measurements may differ between embodi-
ments of the fluid analysis tool 62 and fluid analysis module
72 the processes for reservolr analysis may be performed as
described below and illustrated 1n FIGS. 4-6. For example,
oil-based and synthetic muds may be assumed to contain
carbon fractions above C9 (e.g., synthetic muds may contain
C12 to C14); consequently, after a small amount of fluid 1s
pumped, the contamination levels of the fluid may be too
high for conventional GC analysis or analysis of fractions
above C9. Thus, 1n such embodiments, the abundance ratios
up to C9 for a heavily contaminated fluid may be obtained
in a relatively short amount of time without the need to
perform a full cleanup to obtain a less contaminated fluid
sample. The elimination or reduction of cleanup time may
cnable relatively fast sampling and analysis of the fluid at
multiple sample location.

FIG. 4 depicts a process 400 for reservoir analysis by
plotting abundance ratios vs. depth 1n accordance with an
embodiment of the disclosure. Initially, abundance ratios
from a downhole gas chromatogram at a first measurement
station at a first depth may be obtained (block 402). As
described above, the gas chromatogram may be obtained
from a fluid sample acquired at the first measurement station
by using the fluid analysis module 72 of the fluid analysis
tool 62 described above. As noted above, 1n some embodi-
ments, the fluid sample analyzed by the fluid analysis
module 72 may be from a heavily contaminated fluid and the
analysis may be abundance ratios up to C9, thus enabling a
relatively fast analysis of the fluid without performing a full
cleanup.

As shown 1n FIG. 4, abundance ratios from a downhole
gas chromatogram at a second measurement station at a
second depth may also be obtained (block 404). Here again,
the gas chromatogram may be obtained from a fluid sample
(e.g., 1n some embodiments from a heavily contaminated
fluid) acquired at the second measurement station by using
the fluid analysis module 72 of the fluid analysis tool 62
described above. The obtained abundance ratios from the
first and second measurement stations may be plotted versus
depth (block 406) to produce a first plot. Next, abundance
ratios trends between the stations may be 1dentified (block
408). For example, an abundance ratio trend may include an
Increase 1n one or more abundance ratios, a decrease 1n one
or more abundance ratios, a linear trend in one or more
abundance ratios, a non-linear trend 1n one or more abun-
dance ratios, or any other suitable trends.

Next, abundance ratios from a downhole gas chromato-
gram at a third station at a third depth may be obtained
(block 410). As described above, the gas chromatogram may
be obtained from a fluid sample (e.g., 1n some embodiments
from a heavily contaminated fluid) acquired at the third
measurement station by using the tfluid analysis module 72
of the fluid analysis tool 62. The third abundance ratio and
the previously obtained first and second abundance ratios
may be plotted versus depth (block 412) to generate a second
plot. The plot may be evaluated to determine changes in
abundance ratio trends (decision block 414). For example, 1n
some embodiments the trend may be compared to a thresh-
old to determine 11 a change occurred 1n the trend, e.g., any
deviation in the trend greater than the threshold may be
considered a change 1n the abundance ratio trend. In other
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embodiments, suitable statistical techniques may be used to
determine whether change occurred in the abundance ratio
trend.

If there are changes in the abundance ratio trends (line
416), changes 1n the reservoir (e.g., changes 1n reservolr
architecture) may then be investigated (block 418). For
example, additional flmd samples may be obtained and
analyzed using different techniques. If there are no changes
in the abundance ratio trends (line 420), abundance ratios
from additional measurement stations may be obtained and
plotted versus depth to compare with the previously
obtained abundance ratios and trends (block 422). As shown
in the process 400, the additional trends may be evaluated to
determine 1f there are changes in the trends (decision block
414) that may necessitate 1nvestigation 1nto reservolr
changes.

In some embodiments, downhole GC measurements may
be used with other measurements, such as measurements
obtained via optical analysis, pressure and temperature mea-
surements and so on, to build an Equation of State (EoS)
model for a fluid. For example, as noted above, embodi-
ments of the tluid analysis tool 62 may obtain one or more
of these measurements using the one or more fluid analysis
modules 72. FIGS. 5A and 5B depict a process 500 for
reservolr analysis using tluid predictions without ofiset well
information in accordance with an embodiment of the dis-
closure. Initially, a composition of a fluid may be obtained
from a first measurement station having suflicient data to
build an EoS model (block 502). As described above, the
composition may be determined from measurements of a
fluid sample acquired at the first measurement station by
using the fluid analysis module 72 of the fluid analysis tool
62 described above. For example, the first station may be a
DFA station having both a GC module and an optical
analysis module in the flmd analysis tool 62. In such
embodiments, the fluid composition may be determined by
integrating the GC measurements with the optical measure-
ments. Thus, 1 some embodiments, a hydrocarbon fraction
distribution with a plus fraction may be obtained from the
measurements of the first measurement station (block 504).
In some embodiments, obtaining measurement data from a
station may be referred to as logging the station, e.g.,
obtaining a fluid log that provides measurements from the
fluid analysis tool 62.

Accordingly, an FoS model may be bwlt from the
obtained flud composition and any other data obtained at
the first station (block 506). In some embodiments, the tluid
composition and EoS model for a low contamination fluid
may be obtained after performing a cleanup of the flmd for
analysis. For example, after performing a cleanup and
obtaining a less contaminated fluid sample, the plus fraction
for an obtained gas chromatogram may be estimated using
or in combination with other fluid analysis techmiques. Next,
a second fluid composition from a second station may be
obtained from a second measurement station (block 508).
The second composition may be determined from measure-
ments of a fluid sample acquired at the second measurement
station by using the fluid analysis module 72 of the fluid
analysis tool 62 described above. For example, here again
the second station may be a DFA station having both a GC
module and an optical analysis module 1n the fluid analysis
tool 62. Accordingly, a second hydrocarbon fraction with
plus fraction may be obtained using measurements from the
second station (block 510). The previously built EoS model
may be tuned to match the fluid compositions (and, 1n some
embodiments, other data) obtained from the first and second
measurement stations (block 512). Here again, the second
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fluid composition and tuning of the EoS model for a low
contamination fluid may be performed after a cleanup of the
heavily contaminated fluid for analysis, such as to enable the
determination of a plus fraction to enable quantification of
components of the fluid.

As shown by connection block A, FIG. 5B further 1llus-
trates operations of the process 500. Using the EoS model
built from the obtained fluid compositions, the downhole
GC fluid profiles as a function of depths may be predicted
(block 514) to generate a predicted fluid profile (block 516).
In some embodiments, the predicted fluid profile 516 may
include or be referred to as a fluid log. The predicted fluid
proflle 516 may be generated using the assumption that all
stations are contained 1n the same hydraulic tlow unit and
that the fluid column 1s in equilibrium. In some embodi-
ments, a predicted fluid profile may include hydrocarbon
fraction ratios up to C9 (e.g., C1 through C8) versus depth.

Next, downhole GC measurements (1.¢., a gas chromato-
gram) from a downhole GC module may be obtained at a
target measurement station (block 518). For example, the
downhole GC measurements may be obtained from a fluid
analysis tool 62 having a GC module (1n such embodiments,
the fluid analysis tool 62 may only have a GC module and
may not have an optical analysis module or other modules).
As will be appreciated, the downhole GC measurements
may include component ratios such as, for example, hydro-
carbon fraction ratios. As mentioned above, in some
embodiments the component ratios for a heavily contami-
nated fluid may be obtained 1n a relatively short amount of
time (e.g., by obtaining components ratios for hydrocarbon
fractions below C9 and avoiding a cleanup of the fluid).

The downhole GC measurements may be compared to the
predicted fluid profile (block 520) to determine a variation
between the predicted fluid profile 516 and the measured
downhole GC measurements. The variation may be evalu-
ated to determine whether the variation 1s acceptable (deci-
sion block 520). For example, in some embodiments the
variation may be compared to a threshold. In some embodi-
ments, 11 the vanation i1s greater than the threshold, the
variation may be unacceptable. In other embodiments, suit-
able statistical techniques may be used to determine whether
a variation 1s acceptable or unacceptable. If the variation 1s
not acceptable (line 524), then the equilibrium assumption,
the hydraulic flow assumption, or both, may be considered
incorrect. In some embodiments, additional fluid log data
may be obtained from additional stations for further mnves-
tigation (block 526). In some embodiments, variations from
the predicted tluid profile may be used for additional deter-
minations or investigations, e.g., whether a formation 1s
compartmentalized, whether oil-water contact 1s being
approached, and so on.

If the variation 1s acceptable (line 528), the wvertical
connectivity assumption used to generate the predicted fluid
profile 516 may be considered correct and the EoS model
may be refined using the obtained downhole GC measure-
ments (block 530). In some embodiments, downhole GC
measurements may be obtained from next target station and
additional evaluation and turning of the EoS model may be
performed (block 532). As mentioned above, the additional
downhole GC measurements may include component ratios
such as, for example, hydrocarbon fraction ratios.

In some embodiments, fluid predictions may be per-
formed using data from oflset wells. In such embodiments,
the data acquired from offset wells may include suflicient
fluiud compositional information to build an EoS model.
Such data may include, for example, data from laboratory
sample analysis, DFA, or both. The EoS model built from
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oflset wells data may be used to predict fluid properties and
DFA for a target well that intersects the same compartment.
The predicted tluid profile 1s generated using the assumption
that the target well and ofiset wells are contained 1n the same
hydraulic flow unit and that the fluid column 1s 1 equilib-
rium. Accordingly, FIG. 6 depicts a process 600 for reservoir
analysis using fluid predictions with offset well information
in accordance with an embodiment of the disclosure. Ini-
tially, data from one or more oflset wells may be obtained
(block 602). In some embodiments, the data may include
measurements of tluid samples acquired in an offset well and
analyzed 1n a surface laboratory, measurements obtained
using DFA from measurements stations 1n the offset wells, or
any combination thereof. The data may also include tluid
composition determined from such measurements. Accord-
ingly, an EoS model for a reservoir fluid may be built using

the offset well data (block 604).

Next, as shown 1n FIG. 6, downhole GC fluid profiles as
a Tunction of depths may be predicted using the EoS model
(block 606) to produce a predicted fluid profile 608. In some
embodiments, the predicted fluid profile 608 may include or
be referred to as a fluid log. In some embodiments, the
predicted tluid profile 608 may 1include component concen-
tration distribution and peak ratios of hydrocarbon fractions
up to C9 (e.g., C1 through C8). Next, downhole GC mea-
surements may be obtained at a target measurement station
(block 610). For example, the downhole GC measurements
may be obtained from a fluid analysis tool 62 having a GC
module (1n such embodiments, the fluid analysis tool 62 may
only have a GC module and may not have an optical analysis
module or other modules). As will be appreciated, the
downhole GC measurements may include component ratios
such as, for example, hydrocarbon fraction ratios. As men-
tioned above, in some embodiments the component ratios
for a heavily contaminated fluid may be obtained in a
relatively short amount of time (e.g., by obtaining compo-
nents ratios for hydrocarbon fractions below C9 without
performing a cleanup of the fluid). The component ratios
from the downhole GC measurements may be compared to
the predicted fluid profile (block 612) to determine a varia-
tion between the predicted fluid profile 608 and the down-
hole GC measurements.

The variation may be evaluated to determine whether the
variation 1s acceptable (decision block 614). For example, in
some embodiments the variation may be compared to a
threshold. In some embodiments, 11 the variation 1s greater
than the threshold, the variation may be unacceptable. In
other embodiments, suitable statistical techniques may be
used to determine whether a varnation 1s acceptable or
unacceptable. If the variation 1s not acceptable (line 616),
then the equilibrium assumption to the one or more oflset
wells, the hydraulic flow assumption to the one or more
oflset wells, or both, may be considered incorrect. In some
embodiments, additional flmd log data may be obtained
from additional stations for further investigation (block
618). In some embodiments, variations ifrom the predicted
fluid profile may be used for additional determinations or
investigations, €.g., whether a formation 1s compartmental-
1zed, whether o1l-water contact 1s being approached, and so
on.

I1 the variation 1s acceptable (line 620), then the assumed
fluid equilibrium and flow connectivity (hydraulic tlow) to
the one or more offset wells may be considered correct. In
some embodiments, downhole GC measurements may be
obtained from next target station and additional evaluation
and turning of the EoS model may be performed (block

622). As mentioned above, the additional downhole GC
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measurements may include component ratios such as, for
example, hydrocarbon fraction ratios. These operations may
be performed until the reservoir and fluid are sufliciently
characterized.

Conditional language, such as, among others, “can,”
“could,” “might,” or “may,” unless specifically stated oth-
erwise, or otherwise understood within the context as used,
1s generally intended to convey that certain implementations
could include, while other implementations do not include,
certain features, elements, and/or operations. Thus, such
conditional language 1s not generally intended to imply that
teatures, elements, and/or operations are 1n any way used for
one or more implementations or that one or more 1mple-
mentations necessarily iclude logic for deciding, with or
without user mput or prompting, whether these features,
clements, and/or operations are included or are to be per-
formed 1n any particular implementation.

Many modifications and other implementations of the
disclosure set forth heremn will be apparent having the
benelit of the teachings presented 1n the foregoing descrip-
tions and the associated drawings. Therefore, 1t 1s to be
understood that the disclosure 1s not to be limited to the
specific implementations disclosed and that modifications
and other implementations are mntended to be included
within the scope of the appended claims. Although specific
terms are emploved herein, they are used 1n a generic and
descriptive sense and not for purposes of limitation.

What 1s claimed 1s:
1. A method for analyzing a reservoir traversed by a
wellbore, comprising:

obtaining, from a first measurement station within the
wellbore, a first at least one abundance ratio from a first
gas chromatogram of a first fluid sample acquired at the
first measurement station;

obtaining, from a second measurement station within the
wellbore, a second at least one abundance ratio from a
second gas chromatogram of a second fluid sample
acquired at the second measurement station;
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identifying a trend between the first at least one abun-
dance ratio and the second at least one abundance ratio
from the first plot;
obtaining, from a third measurement station within the
wellbore, a third at least one abundance ratio from a
third gas chromatogram of a third fluid sample acquired
at the third measurement station;
determiming, using the third at least one abundance ratio,
whether a change exists in the abundance ratio trend;
and
using the determination to analyze the reservorr.
2. The method of claim 1, wherein identifying the abun-
dance ratio trend between the first at least one abundance
ratio and the second at least one abundance ratio from the

first plot comprises:
plotting the first at least one abundance ratio and the
second at least one abundance ratio versus depth to
produce a first plot; and

identifying the abundance ratio trend from the first plot.

3. The method of claim 2, wherein determining, using the
third at least one abundance ratio, whether a change exists
in the abundance ratio trend comprises:

plotting the first at least one abundance ratio, the second

at least one abundance ratio, and the third at least one
abundance ratio versus depth to product a second plot;
and

identifying a change in abundance ratio trend from the

second plot.

4. The method of claim 1, wherein the first fluid sample
1s acquired without performing a cleanup of the fluid and the
second fluid sample 1s acquired without performing a
cleanup of the fluid.

5. The method of claim 1, wherein the first gas chromato-
gram comprises a lirst composition ratio of hydrocarbon
fractions C1 through CS8.

6. The method of claim 1, wheremn the second gas
chromatogram comprises a second composition ratio of

hydrocarbon fractions C1 through CS.
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